Effects of Spin Polarization in the HgTe Quantum Well 
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Magnetoresistivity features connected with the spin level coincidences under tilted fields in a Fg 
conduction band of the HgTe quantum well were found to align along straight trajectories in a 
{B±^ , ^1 1 ) plane between the field components perpendicular and parallel to the layer meaning a 
linear spin polarization dependence on magnetic field. Among the trajectories is a noticeable set 
of lines descending from a single point on the _B|| axis, which is shown to yield a field of the full 
spin polarization of the electronic system, in agreement with the data on the electron redistribution 
between spin subbands obtained from Fourier transforms of oscillations along circle trajectories 
in the (_Bx,B||) plane and with the point on the magnetoresistivity under pure _B|| separating a 
complicated weak field dependence from the monotonous one. The whole picture of coincidences is 
well described by the isotropic g-factor although its value is twice as small as that obtained from 
oscillations under pure perpendicular fields. The discrepancy is attributed to different manifestations 
of spin polarization phenomena in the coincidences and within the exchange enhanced spin gaps. In 
the quantum Hall range of Bx, the spin polarization manifests in anticrossings of magnetic levels, 
which were found to depend dramatically nonmonotonously on B^. 

PACS numbers: 73.21.Fg, 73.43.-f, 73.43.Qt, 73.43.Nq 
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I. INTRODUCTION 



Spin polarization underlies the basic principles of spin- 
tronics devices. In addition, in the samples of quantum 
Hall quality, it opens up a rich and varied phenomenol- 
ogy, giving us the opportunity to investigate the role of 
interparticle interactions, and may lead to the formation 
of ordered many-particle ground states, including ferro- 
magnetic ones.^ Full spin polarization of an electronic 
system is easily achievable in the conduction band of Fg 
nature in the inverted energy band spectrum of the HgTe 
quantum well (QW) wider than 6.3 nm (Ref. due to 
a large value of g*m* /mo (the effective Lande g-factor 
multiplied by the effective to free mass ratio) thus mak- 
ing this material promising for observation of a variety of 
spin phenomena. In particular, rich patterns of the spin 
level coincidences are observed in HgTe QW under tilted 
magnetic fields that extend into high perpendicular fields 
where the quantum Hall effect (QHE) is well realizedi^ 
The existence of the coincidence effect in the Fg conduc- 
tion band of the HgTe QW has been revealed in Ref. 
and, although the detailed picture of magnetic levels un- 
der tilted magnetic fields was unknown in this case, the 
field-independent effective g-factor has been found for a 
symmetrically doped (001) oriented structure when an- 
alyzing the results in terms of a Fg-like band. In this 
paper, we develop this study for the (013) oriented sym- 
metrical HgTe QWs with lower electron densities and 
larger mobilities, extending them to higher perpendicu- 
lar fields and to the lowest integer filling factors with the 
use of experimental technique for obtaining detailed pic- 
tures of magnetoresistivities (MRs) as functions of two 
variables - the perpendicular and parallel field compo- 



nents: Pxx,xy{B±, B\\).^ This resulted in finding a num- 
ber of peculiar behaviors in quantum magnetotransport 
under tilted magnetic fields: a new system in locations 
of the coincidence features on the (Bj_, B||)-plain that 
yields a field of full spin polarization; an unusual connec- 
tion between oscillations under pure perpendicular and 
tilted fields; a peculiar behavior of MR at field orienta- 
tions close to parallel to the layers; and the existence of 
anticrossings in the quantum Hall range of perpendicu- 
lar fields, which display a phase-transition-like behavior 
with changes in the sample quality and dramatic non- 
monotonous changes with the filling factor. These find- 
ings are useful to compare with similar results obtained 
recently on the InSb QW, which has a comparable value 
of g*m* /mo but in the Fg conduction bandi^i^ 



II. EXPERIMENTAL RESULTS 

We present a study of quantum magnetotransport in a 
20.3-nm-wide HgTe QW grown on the (013) GaAs sub- 
strate, symmetrically modulation doped with In at both 
sides at distances of about 10-nm spacers. The electron 
gas density is 715 = 1.5 x 10^^ m~^ with a mobility of 
22 m^/Vs. The sample is in a shape of a Hall bar with 
Ohmic contacts. Longitudinal and Hall magnetoresis- 
tances were measured simultaneously by the direct cur- 
rent reversal technique using our original experimental 
setup^ on a dc current of 1 2 /lA at magnetic fields up 
to 18 T at temperatures of 0.32 K and higher. The sample 
was mounted within an in situ low friction rotator^*' and 
the whole installation allowed measurements of MR as a 
continuous function of the tilt angle at the lowest tem- 
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FIG. 1: (color online). Quantum Hall effect under pure per- 
pendicular field before and after {p^x shifted right) an extreme 
illumination. T = 0.32 K. Notice a considerable increase of 
the peak amplitudes after illumination. 

peratures so as not to cause a heating of the system. The 
structure reacts to the ir illumination with a persistent 
increase in ns up to about 20%, but the main effect of 
illumination is a considerable improvement of the sample 
quality as the peak amplitudes increase more than twice 
while the zero- field resistivity drops down (Fig.[T]). Mea- 
surements in tilted magnetic fields were organized in a 
way to span in detail the whole available circle area in the 
(i3_L, i?||)-plane to build the longitudinal and Hall MRs 
as continuous functions of two variables pxx xyiB±, B^)^^. 

Figures 1 Em [SI [ini mi 

A. Spin level coincidences as a tool to determine 
spin polarization 

Spin level coincidences manifest themselves as sharp 
transformations of Pxx{B±, minima into local peaks 
(Figures [2l [Sj lU^a)) and concomitant local smoothings 
of the QH plateaux in pxy{B±, B^) (Fig. Hfb)) at the 
integer filling factors v. These coincidence features reside 
on trajectories of different kinds in the (i?j_, i?||)-plane. 
First, they align with a good accuracy on a set of straight 
beams going up from zero with tilt angles 9r satisfying a 
traditional relation for the coincidencesii: 

g*m*/'mQ — 2rcos9r, (1) 

with r = 1,2,3... being the ratios of the spin to cy- 
clotron gaps. This means that the coincidences in the 
Fg conduction band in our case may be well described in 
terms of a simple Fg band in a traditional semiconductor 
QW within a one-particle approach, when the cyclotron 
gaps depend only on B± and the spin gaps depend on 
the total field B, as in Ref. 0. This occurs in spite of the 
known complicated picture of magnetic levels of the Fg 



conduction band under perpendicular fields^ and we treat 
the found similarity of its behavior under tilted fields 
with that for a Fg band as an empirical fact until it is 
explained by detailed calculations of the magnetic level 
structure under tilted fields. 

It is notable that the observed linear shape of these 
trajectories is at variance with the results obtained in an 
InSb QW having still larger g*m* /m^ value, where con- 
siderably sublinear trajectories of this kind were foundj^>^ 
That meant a decreased effective g-factor with decreased 
B^ and a nonlinear dependence of spin polarization on 
magnetic field. Linear trajectories in the HgTe QW 








FIG. 2: (color online). Evolution of the coincidence features 
in pa;a;(B^, _B||) with illumination at T = 0.32 K: (a) before 
illumination; (b) after an intermediate and (c) extreme illu- 
minations. 
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mean, conversely, a field independent g*m*/mo and a 
linear field dependence of the spin polarization. It is 
noteworthy that the found difference in spin-polarization 
properties of InSb and HgTe QW is not due to a small 
effective mass in InSb, as was suggested in RefH, since 
the corresponding mass here m* /mo = 0.024 (Ref. [13) 
is not radically different from that for the InSb QW 
m* /mo = 0.018 0.026.^ This is a topic for future in- 
vestigations to understand whether this difference is due 
to the Fg and Fg characters of conduction bands in these 
materials or due to a relatively wide QW of 30 nm in 
InSbS when the magnetic length equals the well width 
aheady at 0.75 T. 

Second, another system of straight traces along the co- 
incidences, descending from a single point 5° on the 
axis, is well seen in the experimental pictures as a set of 
ridges going through the MR peaks: Figs. [21 [3l IH and 
[TUf a). The origins of the two sets of trajectories may be 
understood on the basis of the level coincidence scheme 
(Fig. [SJ drawn for a fixed B± as a function of tilt 1 / cos 6. 
Here each of the first-type trajectories corresponds to a 
set of level coincidences along a dashed vertical for a fixed 
9 = Or- The coincidences at even (odd) ly reside on the 
traces for odd (even) r values. The second-type trajecto- 
ries are formed by the sets of coincidences residing on any 
of the fixed upper spin sublevel (e.g., see the circles on 
the = upper spin sublevel) . Each group of such co- 
incidences on the second-type trajectory is characterized 
by a fixed value of M = v — r = 1,3, 5..., and a corre- 
sponding trajectory on the {B±,Bii) plane is described 



in terms of the Ffi-like band as follows: 




FIG. 3: (color online). The same as in Fig. [2jb), but at 
different angle of view, with the descending ridges formed by 
the coincidence peaks well visible. 



B± tan 6r = B± sin 9r 
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for high enough tilts such that sin 9r ~ 1. Here Bi — 
hns/e is the Pxx{B±/) minimum position for v ^ \. It is 
notable that a similar equation for the p{B±,B) graph 
with the total field used instead of usually built in 
other works (e.g., in Ref. d), holds exactly for the whole 
range of 9. The descending straight beams in Fig. U are 
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FIG. 4: (color online), (a) The same as in Fig. [IJb), but 
shown as a map, and (b) a corresponding pxy(B±, B^^). The 
traditional trajectories at fixed angles 9r and the second type 
(descending) trajectories for M = 1, 3, 5 are drawn according 
to Eqs. ([ij and ([2]). The line declining from the M = 1 beam 
is a result of the exact calculation. 



4 



£ r=i r=2 r=3 r=4 




1 /cos 61 



FIG. 5: (color online). Evolution of the magnetic levels 
with tilt in a one-electron approach for a Fe-like conduc- 
tion band. Filled circles correspond to the experimentally 
observed stronger coincidence features while the open circle 
corresponds to the vanishing one. Inset: Anticrossings that 
substitute the level crossings in a one-electron picture as re- 
vealed experimentally (unsealed and exaggerated). 



built according to this equation and a good overall agree- 
ment with experimental data is seen. The curve declining 
from the M ~ 1 trace is built without the sin 9r = ^ ap- 
proximation, and still better agreement is obtained for 
it as it goes through the crossing of the r = 1 ascending 
trace with the v = 2 vertical. It is remarkable that coinci- 
dences for all successive filling factors reside on a descend- 
ing trace while only odd- or even-numbered coincidences 
reside on a traditional ascending trace. That is why the 
second type traces are better seen in the experimental 
pictures since the neighboring coincidence peaks overlap 
along them forming quasicontinuous chains or ridges. 

The expression for the convergence point B^^ — 
2Bi/{g*m* /mo) in Eq.(I5]) may be transformed into an- 
other form: g* ^bB^\ = 2£'fo {Efo = nfi^ns/m* denotes 
the Fermi level for a spin degenerate case, ^lb denotes 
the Bohr magneton), thus making clear the essence of 
this point — it is the field of a full spin polarization of the 
electronic system (Fig. [6l inset). 



B. Spin polarization as deduced from circle orbits 
in the [B±,B\\) plane and from MR under pure 
parallel fields 

Another way to estimate the redistribution of elec- 
trons between two spin subbands is to perform a Fourier 
analysis [fast Fourier transform (FFT)] of oscillations 
in Pxx{^/ B±) taken along the circle trajectories in the 
{B^,B\\) plane for fixed values of the total field B 




B 



FIG. 6: (color online). A schematic presentation of magnetic 
levels in a Fs-like band as a function of B± for a scan of 
the (_Bx,B||) plane along a circle trajectory with a fixed B. 
Inset: redistribution of electrons between two spin subbands 
under parallel fields resulted in the full spin polarization of 
the electronic system at > _Bfj. 

(Refs. _13; and J[4) (Fig. E]). In this case, only i?x is 
a variable in the description of magnetic levels Em,s = 
{N + l/2)heB±/m* ± g*iJ,BB/2 while B is constant 
(Fig. [S]). This yields two spin series periodic in 1/B± 
for i?jv,s — Ep > g* ^bB resulting in two lines of FFT 
frequencies fi vs. B (Fig. [5]), which describe electron den- 
sities in the two spin subbands as nsi — fis/h. The lines 
diverge from a single point, which corresponds to a lower 
frequency peak in the FFT diagram for the pure perpen- 
dicular fields (Fig. [71 upper right) that relates to the low 
field range where the spin peaks are unresolved, while 
the upper-frequency peak on this plot is for the higher 
field range with resolved spin splittings. The lower line in 
Fig. [8] goes to zero meaning the exhausting of the upper 
subband, and the upper line simultaneously saturates at 
/ corresponding to n^-t- = ns, thus indicating the moment 
of the full spin polarization. 

The above results are compared in Fig. [5] with MR 
in a pure and it is seen that just the field of a 
full spin polarization separates two kinds of dependences 
in Pxx{B = -B||): a somewhat complicated function at 
lower fields, where two spin subbands are filled, from a 
monotonously increasing one, for a single subband filled, 
at higher fields as has been observed in a number of 
studies-ii^ii^^ 



C. On the (;-factor anisotropy 

Under pure perpendicular fields, the odd- numbered 
QH features in the investigated structure were found 
to prevail over the even-numbered ones (see Fig. [71 up- 
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FIG. 7: (color online), pxx oscillations (left) taken from 
the {B± , B| I ) map of Fig. [JJa) and their Fourier transforms 
(right). Upper plots are for oscillations under pure perpen- 
dicular fields and the others are taken along circle trajectories 
for increasing radius B. 



per left, and Ref. y) meaning that spin gaps are larger 
than cyclotron gaps. It is notable that such a result was 
found in Ref. only for structures with asymmetric one- 
sided doping, while for structures with symmetric two- 
sided doping, a traditional relation for spin gaps smaller 
than cyclotron gaps (odd-numbered features weaker than 
even-numbered ones) has been obtained. This contra- 
dicts our results, as our sample is symmetrically doped, 
and observation of straight trajectories along the coinci- 
dences in the (i?_L,i3||) plane confirms it. The source of 
the discrepancy may be in that our sample has a larger 
mobility (22 versus 7.35 x 10* cm^/Vs) at lower densities 
(1.5 versus 6.59 x 10^-^ cm~^) and wider QW (20.3 versus 
9 nm). Then the spin gaps may be exchange enhancedii 
in our case reversing the relation between the spin and 
cyclotron gaps, while this effect is weaker and insufficient 
for the symmetric sample of Ref. 5'. 

In terms of the Fg band, the prevalence of spin gaps 
should indicate the relation g*m* /mo > 1, and the value 
g*m* /niQ = 1.38 was indeed found from the fields of os- 
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FIG. 8: (color online). Fourier frequencies along circle tra- 
jectories as functions of B compared to the position of the 
convergence point (dashed vertical) of the descending tra- 
jectories and to MR under a pure parallel field. 



cillation onset and the onset of their splittings^ On the 
other hand, the condition g*m* /mo > 1 means that the 
first ascending trajectory should go at the angle 9i < 60° 
while our experiment yields 9i = 66.2°, corresponding to 
g*m* /mo — 0.807, and this result is in good overall ex- 
perimental agreement with other ascending trajectories 
for r > 1 drawn in Figs. |4] and [9] according to a condition 



cos 9r ~ cos 9i/r 



(3) 



that follows from Eq. ([T]). 

This problem could hardly be resolved by considera- 
tion of the efective mass dependence on B^^^^- since the 
(/-factor is inversely proportional to m*/mo for small 
masses thus the g*m* /mo product would be incensitive 
to the mass variation, at least in the first spproximation. 
Initially;^ we tentatively explained the discrepancy be- 
tween the prevailing spin gaps under pure perpendicular 
fields and the value of 9i > 60° in terms of the g-i&ctoi 
anisotropy.^^ It is introduced in the form: 



9*^0) 



gl cos^ I 



(4) 



with g^ and g^y being the g-factor components for the 
field orientations perpendicular and parallel to the lay- 
ers, correspondingly. Such an explanation looked plau- 
sible as gxy is known to be much smaller than gz, even 
approaching zero, for the Fg valence band in traditional 
semiconductor QWsj^S Then, considering the oscillations 
under perpendicular fields and solely the coincidences on 
the r = 1 trace with the corresponding value of 0i, a 
certain value of anisotropy was deduced. 

But now, after measurements up to higher fields and 
obtaining the distinct positions for ascending traces with 
r > 1, we see that situation becomes more complicated 
if one takes into account the whole picture of coinci- 
dences. To describe the whole set of ascending traces 
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for an anisotropic 
modified to 



tan Or = 



-factor (|4]), the traditional Eq. ([T]) is yielding the value of gz/dxy = 2.16 



21 



4r^ 



i9xym*/mo) 



9xy 



(5) 



which transforms into ([TJ for an isotropic g* with Qz = 
gxy Equation ^ yields a set of straight beams for r = 
1, 2, 3... going from zero in the {B±^ B\\) plane, as for the 
isotropic g, but it is obvious that the beams for larger 
r should decline from the corresponding traces for the 
isotropic g to larger tilts, approaching the B\\ axis, as 
g*m* /rriQ will decrease with increased r. To describe 
the relative positions between ascending trajectories for 
anisotropic g*, the Eq.® is modified to: 



1 



COS^ 9r cos^ 9i 



9z 

Qxy 



1). 



(6) 



For the known values of 9i and gzin* /niQ = 1.38, the 
value of gxyTn* / rriQ to fit the first ascending trajectory is 
estimated from Eq. (O as 



gxy-m* /mo = 



v/4- (g,m*/mo)2 
tan 01 



= 0.638, 



(7) 
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FIG. 9: (color online). A picture of coincidences in a state 
as in Fig. HJa) with added ascending traces (solid beams) for 
the estimated anisotropic g factor. They are connected by the 
horizontal arrows with corresponding traces for the isotropic 
g factor (dashed beams). The ascending traces for both cases 
are fitted to coincide for r = 1, but the traces for anisotropic 
g* deviate to larger tilts for r > 1. Correspondingly, the ex- 
pected coincidence peak positions (•) deviate considerably to 
larger _B|| from the experimental positions, and the descend- 
ing trace through them (dash-dot line) should dramatically 
increase its slope. 



In Fig. [9l with the same experimental data as in 
Fig. m^a), two sets of ascending trajectories for the 
isotropic and anisotropic g* are compared. The coinci- 
dences should appear at the cross points of the calculated 
traces and the verticals for the integer filling factors. It 
is seen that, once there is a good overall agreement be- 
tween experimental and calculated coincidences in the 
model of isotropic g* , the agreement is impossible for the 
(7-factor anisotropy of the deduced value, with disagree- 
ments being well beyond the possible experimental errors. 
Especially large is a deviation of the descending trajec- 
tory drawn through the expected coincidence points for 
anisotropic g* , as its extrapolated crossing with the B\\ 
axis goes far beyond the point in the isotropic model, 
thus totally destroying the agreement with the field of 
full spin polarization found above by other means. 

Thus the anisotropic g* in the form of Eq. (|4]) does not 
explain the found discrepancy between oscillation under 
perpendicular fields and the data found from coincidences 
in tilted fields. If the large value of gzm* /mo > 1 under 
perpendicular fields is due to the exchange enhancement 
of spin gapSfii then either a small addition of B^ | quickly 
destroys the effect or the difference in physics for oscilla- 
tions under pure perpendicular fields and at the coinci- 
dences is essential. For example, a spin gap in the former 
case is exchange-enhanced when the Fermi level is within 
it, between two spin sublevels of the same Landau level, 
while coincidences always occur for spin levels of different 
Landau levels. More detailed theoretical analysis with 
many-body effects included is needed to verify this. 



D. Structures in MR close to parallel fields 

The structure seen in Pxx{B — B\\) at B < B'^^ 
(Fig. [8|) is enhanced with small deviations of the field 
from the parallel orientation [Fig. fTCT b)]. as was observed 
in InSb QWs.*"'* Contrary to the results in InSb, we can- 
not state that we see a single peak under quasiparallel 
fields. Rather, we see an emerging series of coincidence 
peaks positioned on the second-type trajectories in the 
{B±,B^^) plane for M = 1,3,5.... On the other hand, it 
is senseless to speak of coincidences under strictly par- 
allel field, thus a wide maximum at B « 14 T should 
be of different nature. Its position is insensitive to small 
tilts of the field from the parallel orientation, in disagree- 
ment with some shift to lower of the M = 1 tra- 
jectory (Fig. [4]), and only at the field deviations larger 
than 3° do we see the peaks start moving to lower 
Thus an interference of some processes causing MR un- 
der strictly parallel fields (e.g., scattering between spin 
subbands^'*) with the emerging coincidence features is 
observed in HgTe QW. Comparing the results in quasi- 
parallel fields for InSb and HgTe QWs, the following con- 
clusions may be drawn: either the coincidence peaks are 
suppressed in InSb or the causes for a single peak in HgTe 
are weakened. The found strongly nonlinear coincidence 
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trajectories in the InSb QW may promote the absence of 
the coincidence peak series, as the peaks would tend to 
converge at high-Bii area in that case. 



0.020 




FIG. 10: (color online), (a) The same as in Fig. [2jb) but at 
small B± and viewed from _B|| . (b) Cross-sections of (a) taken 
at = 90°(B||),89,88,87,86°. 



E. Anticrossings 

At higher B±, where the QHE is well developed, the 
MR features for coincidences acquire a complicated struc- 
ture with local pxx peaks splitted in couples of peaks 
shifted in opposite directions of B± onto the neighbor- 
ing MR ridges and leaving decreased MR bridges at the 
points of expected level crossings [Figures El |3l andHJa)], 
which are in fact "the spikes''^^ in the Pxx{B±, B\\) cross- 
sections for fixed 9. This indicates the formation of an- 
ticrossings at the points of expected level coincidences 
(Fig. [5|). The effect is significantly enhanced after ir il- 
lumination due to a considerable improvement of oscilla- 
tions (Fig. E]) . Unexpectedly, it was found that the anti- 



crossings depend nonmonotonously on B± : the anticross- 
ing at = 3 is pronouncedly stronger than the neighbor- 
ing ones at v — 2 and 4, positioned along the same de- 
scending trajectory for M = 1 [Figs. [2Ib) , [^c) , [3 H HH 
andll2j. This observation illustrates another useful prop- 
erty of the newly found descending trajectories, as the co- 
incidence features for all successive filling factors should 
exist on each of them within the one-electron model, as 
opposed to those along the traditional ascending trajec- 
tories, where the v = 3 coincidence fundamentally should 
not exist on the r = 1 trace but only on the r — 2 trace. 
The J/ = 3 anticrossing is dramatically enhanced after 
illumination (Fig. [2]). This indicates a high sensitivity 
of the anticrossings to the changes in the sample qual- 
ity, which is typical for electronic phase transitions j^i^ 
The activation gaps deduced from the temperature de- 
pendences of MR at anticrossings (Fig. [T2|) confirm the 
nonmonotonicity, with the i' — 3 gap being more than 
half an order of magnitude larger than those for its neigh- 
bors. This result looks counterintuitive since the over- 
lapping of magnetic levels with decreased B± seems to 
monotonously destroy the causes for the appearance of 
anticrossings, suppressing the spin polarization, as has 
been observed so far on other materials .—'— 

A conventional explanation of the anticrossings is 
in terms of the magnetic anisotropy in the electronic 
systemii^: as the approaching spin levels of different 
spin orientations swop their order in energy relative to 
the Fermi level, the Hartree-Fock energy of the system 
may decrease due to changes in the many-body inter- 
action concomitant to changes in the spin polarization. 
The decrease starts before the level crossing, due to a hy- 




FIG. 11: (color online). Enlarged part of Fig. [2jc) demon- 
strating the vanishingly small coincidence feature for i/ = 3 
and r = 2. Arrows indicate positions of coincidences along 
the M = 1 descending trajectory. 
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FIG. 12: (color online). Cross sections ol p:cx{B±, B^^) in the 
same sample state as in Fig. Ufa) along the exact M — 1 
trajectory at T = 0.32, 0.8, 2, and 4 K as compared to oscil- 
lations under pure perpendicular fields. Inset: The deduced 
activation energies at = 2, 3, and 4 and their ratios to cor- 
responding cyclotron energies. 



bridization of the levels, and the crossing in fact does not 
occur. The stronger the energy gain due to spin polariza- 
tion is, the larger is the anticrossing gap. The systems re- 
acting to transitions into spin ordered states under QHE 
conditions are the QH Ferromagnets (QHF). Estimations 
for an easy-axis QHF in a 2D layer^ do not yield a sen- 
sible difference for anticrossings at ly — 2,3, and 4. That 
is why we tentatively attribute the observed difference to 
the coupling of with the orbital degree of freedom in 
a QW of a finite width resulted in a different charge den- 
sity profile across the QW for the two approaching spin 
levels This coupling enhances a magnetic anisotropy 
energy for the v — 3 coincidence as compared to that for 



p = 2 since its i3|| is about a factor of 1.5 higher, re- 
sulting in a shrinkage of the wave functions and thus the 
increased spatial difference between them. On the other 
hand, the coincidences at ly > 4 are restored because they 
go outside of the QH range of 
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III. CONCLUSIONS 

In summary, we have found that the coincidence fea- 
tures in MR of a symmetrical HgTe QW under tilted 
fields form a set of descending straight trajectories in the 
{B±, _B||) plane diverging from a single point that yields a 
field of the full spin polarization of the electronic system, 
which is in agreement with the values obtained in other 
ways. The g factor found under pure perpendicular fields 
is twice as large as the value found from coincidences, and 
we show that this difference cannot be described in terms 
of a conventional g-factor anisotropy since the whole pic- 
ture of coincidences is well described with the isotropic g 
factor while an introduction of its anisotropy inevitably 
destroys this agreement. The anticrossings of spin levels 
that appear in the QH range of fields were found to be- 
have dramatically nonmonotonously with field, demon- 
strating the intricate nature of the emerging QHF phase. 
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